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(54) On-chip oscillator and test method therefor 

(57) An integrated circuit device includes an oscilla- 
tor; a counter; a switch for selectively connecting the os- 
cillator to the counter in a test mode; and an output circuit 
for providing the output count generated by the counter 
for determining the frequency of the oscillator. Thus, use 
is made of the normal on-chip counter in an integrated 
circuit to provide a reliable way of measuring the frequen- 
cy of the on-chip oscillator. 
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Description 

This invention relates to testing an integrated circuit 
device, and is particularly suitable tor the testing ot inte- 
grated circuit memory devices, for example flash mem- 
ory devices. 

Many integrated circuit devices include an oscillator 
which provides a periodic output signal for normally con- 
trolling operation of the device. In some integrated circuit 
memory devices, the oscillator plays a role in which the 
frequency of the periodic output signal is not critical, pro- 
vided that it remains broadly within predefined parame- 
ters. However, in integrated circuit flash memory devic- 
es, the oscillator plays a more critical role to control the 
programming and erase times of flash memory cells and 
also to control the other timing events relating to pro- 
gramming and transitions of states between different 
modes. Thus, in an integrated circuit flash memory de- 
vice it is particularly important to be able to monitor and 
control the frequency of the periodic output signal of the 
oscillator. It will readily be appreciated that this frequency 
can vary for a pluraiity of different reasons, including in 
particular variations in process technology and the oper- 
ating temperature of the integrated circuit device. 

Conventional memory testers are not equipped to 
measure the frequency of a free running periodic signal. 
It will be appreciated that reference herein to an integrat- 
ed circuit device generally implies a single chip device 
or a plurality of chips in a single package. To measure 
the frequency of a periodic output signal from an oscilla- 
tor on chip, existing technology requires that the periodic 
signal be transmitted off chip to an external piece of 
equipment which includes for example an interval coun- 
ter. An alternative method of measurement using exist- 
ing technology is to provide a phase locked loop and fre- 
quency to voltage converter at the test interface with the 
chip to convert the frequency of the periodic output signal 
of the oscillator into a voltage which can then be meas- 
ured by a conventional memory tester. In these situa- 
tions, the integrity of the periodic signal must be guaran- 
teed up to the point at which the measurement is taken. 
It will readily be appreciated that for a periodic signal, 
particularly one at a high frequency, this is not always 
easy to accomplish. Moreover, it will readily be under- 
stood that with existing technology specialised pieces of 
equipment in addition to a conventional memory tester 
are required to measure the frequency of the output sig- 
nal of the oscillator. 

In GB-A-2217465 (Sun Microsystems Inc.), a termi- 
nal count detector is used. Use is made of a count gen- 
erated by the tester to be applied to the part. When the 
part detects that the count has reached a predefined limit 
fixed by design, it disables the oscillator and a reading 
of the clock input counter may be made from which a 
frequency is derived. Using the tester to produce a count 
in devices where the pin count is low only allows a small 
number of bits to be assigned to this test mode so reduc- 
ing the resolution to which an interval time can be con- 



trolled. 

IN US-A-50991 96 (Long et al), a comparator is used 
in a similar way to the terminal count detector of 
GB-A-2217465. Latches produced on the chip are load- 

5 ed with what would represent the test limit of the frequen- 
cy. The oscillator is then enabled and disabled, but the 
result of the counter is not available to be brought out to 
the tester. Instead, a comparator exists on chip which 
compares the value stored in the latches and the value 

io of the oscillator counter. The result of this comparison 
produces a go-no go test for the frequency. Thus, this 
document does not give the value of the frequency in 
one test but instead a search has to be conducted to find 
the frequency. Furthermore, it adds extra complications 

is to the circuitry which costs in terms of silicon area. 

Thus, both of these prior art proposals involve add- 
ing extra devices to the chip to provide the necessary 
functionality for testing. 

It is an object of the present invention to provide a 

20 simpler and more reliable way of measuring the frequen- 
cy of a periodic signal output from an on-chip oscillator 
in an integrated circuit device. 

According to one aspect of the present invention 
there is provided an integrated circuit device including: 

25 an oscillator arranged to produce a periodic output signal 
for normally controlling operations of the device; a coun- 
ter having an input for normally receiving a periodic sig- 
nal representing operations of the memory device and 
arranged to count transitions in said periodic signal to 

30 generate an output count; switch circuitry for selectively 
connecting said periodic output signal of the oscillator to 
the input of the counter in a test mode, said test mode 
being implemented for a predetermined time; and an out- 
put circuit for providing the output count generated by 

35 said counter after said predetermined time to a tester ca- 
pable of deriving the frequency of the oscillator from said 
output count and said predetermined time. 

Where the integrated circuit device is implemented 
on a single chip, the output circuit can comprise at least 

40 one output pin for transmitting the output count to a tester 
which is off-chip. 

Measurement of the frequency of the periodic signal 
output from the oscillator can be used as a process mon- 
itor at electrical wafer sort. It is a significant advantage 

45 that the periodic signal itself does not have to come 
off -chip, but instead a logical signal representing the val- 
ue of the frequency is transmitted with more relaxed tim- 
ing requirements. The ability to test all of the chips at 
production enables fast feedback to be given to the man- 

50 ufacturing process if a problem arises. 

In the described embodiment, the switch circuitry is 
connected to receive the periodic output signal from the 
oscillator and is operable to inhibit transmission of the 
periodic output signal to the counter in normal use and 

55 to allow transmission of the periodic output signal to the 
counter in the test mode. This enables the periodic out- 
put signal from the oscillator to be used to control oper- 
ations of the device even during a test mode. However, 
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it would equally be possible to implement the switch cir- 
cuitry so that it connects the periodic output signal of the 
oscillator either to circuitry for normally controlling oper- 
ations of the device in normal use or to the counter in the 
test mode. 

The integrated circuit device can include a test bus 
and a test multiplexor operable to connect the output of 
the counter onto the test bus in the test mode. Likewise, 
the output circuit can be connected to the test bus in the 
test mode via an output multiplexor. 

The output count generated by the counter after the 
predetermined time can be stored at the counter or else- 
where so that it is available in response to control ad- 
dress signals. If the output count generated by the coun- 
ter is in the form of a plurality of bits having a number 
greater than the capacity of the test bus, the integrated 
circuit device can include circuitry for transmitting the 
output count to the tester over a plurality of address cy- 
cles. 

The present invention is particularly but not exclu- 
sively applicable to integrated circuit memory devices, 
and particularly flash memory devices. Where the inte- 
grated circuit device includes a memory, the frequency 
value of the oscillator derived from the tester can be 
stored at addressable locations within the memory. 
Where the memory device is a flash memory, the fre- 
quency can be stored in OTP (one time programmable) 
cells in the flash memory device like other commonly 
stored electrical parameters characterising the device. 
This provides a valuable indication of the state of the 
process used to produce the integrated circuit device if 
it is returned suffering from problems. It also assists in 
addressing reliability problems, for example if the behav- 
iour of the device changes with different operations as 
can be the case with contamination. To establish this, the 
device could be tested again in the manner outlined 
above and a comparison of the actual frequency meas- 
ured with the stored frequency would indicate this prob- 
lem. 

Storage of the frequency value also allows the ther- 
mal coefficient of the chip or of the package to be ascer- 
tained, since the frequency of the periodic signal output 
from the oscillator is dependent on temperature. Knowl- 
edge of the initial temperature, together with the frequen- 
cy stored in the memory provides a known coefficient ref- 
erence. 

The invention also provides a method of character- 
ising an integrated circuit device comprising the steps of: 
enabling an oscillator provided within the integrated cir- 
cuit device for normally controlling operations of the de- 
vice for a predetermined time so that the oscillator pro- 
duces a periodic output signal for said predetermined 
time; connecting said periodic output signal to the input 
of a counter which is provided within said integrated cir- 
cuit device for representing operations of the device in 
normal use, said counter being arranged to count tran- 
sitions in said periodic signal to generate an output 
count; and supplying said output count to a tester capa- 



ble to deriving the frequency of the oscillator from said 
output count and said predetermined time. 

Thus, because the oscillator is enabled for any time 
controlled by the tester, a relatively cheap tester can con- 

s trol this very accurately. This allows the time over which 
the measurements are made to be controlled more pre- 
cisely. In particular, it avoid the need for a terminal count 
detector of the type described in GB-A-2217465. More- 
over, in the preferred embodiments the invention makes 

io use of components which are normally available in an 
integrated circuit device for normal operations of the part, 
and therefore does not add overhead in terms of silicon 
area. 

For a better understanding of the present invention 
15 and to show how the same may be carried into effect 
reference will now be made by way of example to the 
accompanying drawings in which:- 

Figure 1 is a block diagram of a flash memory 
20 device; and 

Figure 2 is a diagram of control circuitry for the 
device illustrating the present invention. 

25 By way of background, the main components of a 
flash memory device will now be described with refer- 
ence to Figure 1 . Reference numeral 2 denotes a mem- 
ory array which comprises a plurality of flash memory 
cells each of which can be programmed, erased and 

30 read in a known fashion. The memory array 2 also in- 
cludes some OTP (one time programmable) cells for 
holding permanent data. The memory array 2 is control- 
led by wordline voltage drivers 4 and pass gate voltage 
drivers 6. A pass gate multiplexor 8 allows bit lines of the 

35 memory array to be connected either to the pass gate 
voltage drivers 6 for programming the memory array or 
to sense amplifiers 1 0 for reading from the memory array. 
A row address is fed on line 1 2 to a row decoder 1 4 which 
controls the wordline voltage drivers 4. Likewise, a col- 

40 umn address is fed on line 16 to a column decoder 18 
which controls the pass gate voltage drivers 6. Data read 
from the memory array 2 via the sense amplifiers 10 is 
passed via a data out circuit 20 and an output driver cir- 
cuit 24 to input/output pads 22. Data to be programmed 

45 jnto the memory array 2 is supplied from the input/output 
pads 22 via a data in circuit 26 and a program block 28 
to control the pass gate multiplexor 8 to allow data to be 
programmed into the memory array 2. A control block 30 
controls operations of the integrated circuit device via 

so output signals on line 32. These signals include a peri- 
odic signal or clock which controls the timing of events 
in the device, including programming, erasing and read- 
ing. The control block 30 is also connected via an output 
multiplexor 34 and the output driver circuit 24 onto the 

55 input/output pads 22. 

The details of programming, erasing and reading are 
not given herein because they are well within the scope 
of a person skilled in the art. Moreover, some of the cir- 
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cuitry required to implement programming, reading and 
erasing is not shown in Figure 1 because, likewise, this 
would be well known to a person skilled in the art. The 
invention resides in the elements ot the control block 30 
and the manner in which it is used to test the device. This 
will now be described more fully with reference to Figure 
2. 

Operations of the control block 30 can be controlled 
either by data input to the chip via the data in circuit 26 
and transmitted to the control block 30 on line 36 or by 
signals applied to pins (e.g. chip enable, write enable and 
address pins) of the chip, for example as illustrated by 
pin 38 in Figure 1. 

As illustrated in Figure 2, the control block 30 in* 
eludes an oscillator 40 having an enable input 42 which 
is controlled on an oscillator enable line 44 from oscillator 
control logic 46. The oscillator control logic 46 receives 
a forced test mode signal from a pin of the chip which is 
denoted as 38 in correspondence with the pin illustrated 
in Figure 1, although it will be appreciated that any ap- 
propriate pin could be used. The oscillator control logic 
46 also receives control signals from the data in circuit 
on line 37. The control block 30 further comprises coun- 
ter clock control logic 48 which receives the following sig- 
nals: 

A system clock count test mode signal on line 50. 

General control signals on line 52. 

Program control signal on line 54. 

Erase control signal on line 56. 

Periodic output signal from the oscillator on line 58 
and denoted system clock in Figure 2. 

The counter clock control logic 48 is connected via 
an output line 60 to a counter 62. This counter is gener- 
ally present in a conventional integrated circuit flash 
memory device for alerting a failure mode of the device. 
It can also be used for other purposes in normal opera- 
tion. Likewise, the output signal from the oscillator is 
used to normally control operations of the device in nor- 
mal use on output line 32. 

The counter 62 has a 1 0 bit output indicating the out- 
put count. This is supplied to a decoder 64 which can 
alert a failure mode on line 66. The output count is also 
supplied to a test multiplexor 68 which is connected to 
the output multiplexor 34. 

The test multiplexor 68 is controlled by a failure 
counter output test mode signal on line 70 and receives 
multiplexing control addresses on line 72. The test mul- 
tiplexor 68 provides an 8 bit output onto an 8 bit test bus 
74 which is a bidirectional bus connected to the output 
multiplexor 34. 

Use of the control block will now be described to 
measure the frequency of the system clock 58 produced 
by the oscillator 42 in a special test mode. The signal 
FORCE TEST MODE from pin 38 signals the oscillator 
control logic 46 to enable or disable the oscillator via the 
oscillator enable input 42 according to the state of the 
signal. The counter clock control logic 48 controls wheth- 
er or not the system clock 58 passes to the counter 62 



on line 60 so that it can increment the counter. The coun- 
ter clock control logic is controlled to connect the system 
clock 58 to the counter 62 responsive to the SYSTEM 
CLOCK COUNT TEST MODE signal on line 50. 

5 In normal use, the output of the counter is decoded 
to produce delays which are used by other sections of 
the circuitry, for example represented in Figure 2 by the 
decoder 64 to signal a failure mode. For the purposes of 
the present invention, the output of the counter 62 can 

io be connected to the test bus 74 via the test multiplexor 
68 under the control of the COUNTER OUTPUT TEST 
MODE signal on line 70. The output count can in this way 
be supplied off-chip through the output multiplexor 34 
and output drivers 24 through the input/output pads 22. 

is An external tester 78 receives the output count and sup- 
plies the FORCE TEST MODE signal. The tester 78 can 
also supply the signals for the counter clock control logic 
on lines 50 to 56 and for the test multiplexor 68 on lines 
70 and 72, although for the sake of clarity these connec- 

20 tions are not shown in Figure 2. Alternatively, the signals 
on lines 50 to 56 and 70 to 72 could be supplied by ad- 
ditional circuitry within the control block 30 which is not 
described herein because it does not form part of this 
invention. 

25 The special test mode can be entered in any known 
fashion, for example by external signals applied to pin 
38 and to a pin connected to line 50 or by latching test 
mode codes via the data in circuit 26 onto control lines 
36. The manner in which the test mode is entered is not 

30 important to the invention and it is well within the scope 
of a skilled person to provide a way of entering the test 
mode. 

In the test mode, the oscillator 40 is enabled for a 
predetermined time which is determined by the tester 78. 
35 During this time, the system clock 58 is supplied to the 
counter 62 via the counter clock control logic 48 on line 
60 to increment the counter. At the end of the predeter- 
mined time, the output of the counter is read from the 
device by controlling the test multiplexor 68 to place the 
40 output count onto the test bus 74 from where it can be 
supplied off -chip by the input/output pads 22 to the tester 
78. This is done by setting the counter output test mode 
signal 70 and multiplexing control address line 72. Some 
oscillators take a while after start-up to reach their oper- 
as ating frequency. In such cases, the oscillator can be en- 
abled without connecting its output to the counter until 
some time later under the control of the SYSTEM 
CLOCK COUNT TEST MODE signal on line 50. 

Where the output count has a number of bits (in this 
50 example 1 0) which is greater than the bit capacity of the 
test bus (in this example 8), the output count is supplied 
onto the test bus in a plurality of cycles under the control 
of the multiplexing control addresses on line 72. 

The frequency of the system clock 58 can then be 
55 determined by the value of the output count supplied to 
the tester 78 and the predetermined time for which the 
oscillator was enabled, also determined by the tester 78. 
If desired, this frequency value can be written into the 
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memory array 2 into UP ROM or other appropriate per- 
manent cells. This would be done by programming the 
memory array in a known fashion. 

In the preferred embodiment, a linear feedback shift 
register counter is used because this uses only a small 
amount of silicon area. However, it will readily be appre- 
ciated that any counter may be used with the present 
invention. 

By making use of components, namely the oscillator 
and the counter, which are already on the integrated cir- 
cuit device for normal operation, the amount of silicon 
area which is required to provide circuitry for implement- 
ing the test is kept to a minimum. Moreover, the test 
mode enables a valuable item of information, namely the 
frequency of the system clock, to be monitored and con- 
trolled in a very simple fashion. This means that this val- 
ue can be determined for each chip and at several times 
during the life of the chip. This is not possible with exist- 
ing technology because of the need to take the system 
clock off-chip in order to evaluate its frequency. 



Claims 

1. An integrated circuit device including: 

an oscillator arranged to produce a periodic 
output signal for normally controlling operations of 
the device; 

a counter having an input for normally receiv- 
ing a periodic signal representing operations of the 
memory device and arranged to count transitions in 
said periodic signal to generate an output count; 

switch circuitry for selectively connecting said 
periodic output signal of the oscillator to the input of 
the counter in a test mode, said test mode being 
implemented for a predetermined time; and 

an output circuit for providing the output count 
generated by said counter after said predetermined 
time to a tester capable of deriving the frequency of 
the oscillator from said output count and said prede- 
termined time. 

2. An integrated circuit device according to claim 1 
which is implemented on a single chip and wherein 
the output circuit comprises at least one output pin 
for transmitting said output count to a tester which 
is off -chip. 

3. An integrated circuit device according to claim 1 or 
2 wherein the switch circuitry is connected to receive 
said periodic output signal from the oscillator and is 
operable to inhibit transmission of said periodic out- 
put signal to said counter in normal use and to allow 
transmission of said periodic output signal to said 
counter in the test mode. 

4. An integrated circuit device according to claim 1 or 
2 wherein the switch circuitry is operable to connect 



said periodic output signal of the oscillator either to 
circuitry for normally controlling operations of the 
device in normal use or to said counter in said test 
mode. 

5 

5. An integrated circuit device according to any preced- 
ing claim wherein the oscillator has an enable input 
which is enabled for said predetermined time by 
selection of said test mode. 

10 

6. An integrated circuit device according to any preced- 
ing claim which comprises a test bus and a test mul- 
tiplexor operable to connect the output of said coun- 
ter onto the test bus in said test mode. 

75 

7. An integrated circuit device according to claim 6 
wherein said output circuit is connected to the test 
bus in said test mode via an output multiplexor. 

20 8. An integrated circuit device according to any preced- 
ing claim wherein the output count generated by the 
counter after said predetermined time is stored and 
is available in response to control address signals. 

25 g. An integrated circuit device according to claims 6 
and 8 wherein the output count generated by the 
counter is in the form of a plurality of bits wherein 
the number of bits is greater than the capacity of the 
test bus, said integrated circuit device further com- 

30 prising circuitry for transmitting said output count to 
said tester over a plurality of address cycles. 

10. An integrated circuit device according to claim 8 or 
9 which comprises an address pin via which said 

35 control address signals are supplied. 

11. An integrated circuit device according to any preced- 
ing claim wherein said switch circuitry is connected 
to receive a test mode implementation signal from 

40 an address pin of the integrated circuit device. 

1 2. An integrated circuit device according to any preced- 
ing claim which includes a memory wherein the fre- 
quency value of the oscillator derived from said 

45 tester is stored at addressable locations within the 
device. 

13. An integrated circuit device according to any of 
claims 1 to 11 which is a memory device. 

so 

14. A method of characterising an integrated circuit 
device comprising the steps of: 

enabling an oscillator provided within the inte- 
grated circuit device for normally controlling opera- 
55 tions of the device for a predetermined time so that 
the oscillator produces a periodic output signal for 
said predetermined time; 

connecting said periodic output signal to the 
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input of a counter which is provided within said inte- 
grated circuit device for representing operations of 
the device in normal use, said counter being 
arranged to count transitions in said periodic signal 
to generate an output count; and s 

supplying said output count to a tester capable 
to deriving the frequency of the oscillator from said 
output count and said predetermined time. 

15. A test method according to claim 14 wherein the 10 
integrated circuit device is implemented on a single 
chip and wherein said tester is off-chip. 

16. A test method according to claim 1 4 or 1 5 when used 

to test an integrated circuit device comprising a test is 
bus and a test multiplexor, said method comprising 
connecting the output of said counter onto said test 
bus via said test multiplexor to supply said output 
count to the tester. 



17. A test method according to any of claims 14 to 16 
wherein the output count generated by the counter 
after said predetermined time is stored and is avail- 
able in response to control address signals. 
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18. A test method according to claims 16 or 17 wherein 
said output count is supplied as a plurality of bits 
wherein the number of bits is greater than the capac- 
ity of the test bus and wherein said output count is 
transmitted to said tester over a plurality of address 30 
cycles. 

19. A test method according to claim 17 or 18 wherein 
said control address signals are supplied via an 
address pin of the integrated circuit device. 35 

20. A test method according to any of claims 14 to 19 
wherein a test mode is implemented by application 
of a signal to an address pin of the integrated circuit 
device. *o 

21. A test method according to any of claims 14 to 20 
wherein the device includes a memory and the fre- 
quency of the oscillator derived by the tester is 
stored at addressable locations within the device to <s 
characterise the device. 
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